The germinal matrix being an accumulation of immature blood vessels in the premature infant brain is known to be the main cause of the intracranial hemorrhage. To investigate the injuring mechanism to the blood vessels of the germinal matrix, a modeling scenario that consists of three basic steps is proposed. First, the cerebral blood flow that depends on autoregulation, CO 2 reactivity, and variations of intracranial pressure is modeled. Second, the chaotic blood vessel network of the germinal matrix is generated, and blood pressures in the vessels of this network are computed dependent on the outcome of the first step. In the third step, the pressures computed on the second step are used in finite element simulations of separate blood vessels of the germinal matrix to detect critical values for vessels impairment.
RISK FACTORS FOR GERMINAL MATRIX HEMORRHAGE
A premature birth before completion of the 37th pregnancy week increases the risk of intracranial hemorrhage. According to [1] , 85 of 155 newborn infants with the birth weight less than 1500 gram developed an intracranial hemorrhage within the first 24 hours of life. Another 37 had an intracranial hemorrhage after 24 hours of age. The place of the brain bleeding is always the germinal matrix of the immature brain. The germinal matrix consists of richly vascularized neuroepithelial cells and is located ventrolateral to the lateral ventricle. The vulnerability of the germinal matrix is primarily due to the precapillary arteriolar-venular anastomoses and the absence of muscle and collagen layers in its immature blood vessels. Also changes in oxygen concentration might be damaging for endothelial cells of the germinal matrix because increased metabolic activity in this area leads to high oxygen consumption (see e.g. [2] ). Some risk and protective factors for intracranial hemorrhage are described in [3] . Antenatal steroid therapy, female gender of the infant, increasing gestational age and birth weight are reported as protective, whereas lower gestational age and mother bleedings shortly before the child birth are considered as risk factors. In [4] , acute amnion inflammation, volume expansion at delivery in the first 3 days of life and magnesium sulfate anti-contraction medication are indicated as additional risk factors of early intracranial hemorrhage.
The consequences of the low gestational age and preterm birth are acute changes in CO 2 and blood pressure, impaired cerebral autoregulation, and increased cerebral venous pressure (CVP) due to e.g. pneumothorax, mechanical or any pressure ventilation, skull deformations, and venous anatomy in germinal matrix [5, 6] . Both variations in CO 2 blood content and impaired cerebral autoregulation, which is a dynamic and evolving process, lead to cerebral blood flow (CBF) pressure-passivity, which, in turn, causes CBF fluctuations [6] [7] [8] [9] . The increase of CVP reduces the cerebral perfusion pressure (CPP), which is the difference between the mean arterial pressure (MAP) and cerebral venous pressure (CPP = MAP − CVP). This can reduce the global CBF down to 20%. Note that CVP is usually replaced by intracranial pressure (ICP) because CVP is difficult to measure.
Fluctuations in CBF are considered as a main cause of germinal matrix hemorrhage [5] , whereas hypotension (20% -45% lower in premature infants) remains under discussion.
Prevention of neonatal intraventricular hemorrhage includes different prenatal and postnatal strategies like ef-forts against preterm delivery, transfer of high risk mothers to tertiary care centers, antenatal maternal steroid use, and optimal resuscitation regarding especially minimization of cerebral blood flow fluctuation [10] . In [11] , a pharmacologic therapy with phenobarbital and vitamin K during antenatal period is mentioned as having significantly reduced severe grades of intraventricular hemorrhage. Spinillo et al. [12] note that risk factors for neonatal germinal matrix hemorrhage are different from those for intraventricular hemorrhage. Better understanding of how both of these events are originated remains a very actual task.
MATHEMATICAL MODELING AND SIMULATION OF BLEEDINGS IN THE GERMINAL MATRIX
This paper outlines our aim to mathematically simulate the development and occurrence of bleedings in the germinal matrix. The following three-stage modeling procedure is proposed. 1) Simulation of the interaction between the autoregulation, CO 2 reactivity and ICP using electric circuit analog models similar to those developed in [13, 14] . The varying CBF obtained as the output of this simulation will be used as the input data for a mathematical model of the germinal matrix blood vessel system.
2) Simulation of the germinal matrix blood vessel system, for which the mathematical model of Anderson and Chaplain [15] that describes the formation of a realistic capillary sprout network will be applied. With this model, the processes of sprout branching, anastomosis (loop formation) and cell proliferation can be accounted for (see e.g. [16] ). Additionally, the dependence of vessels diameters on the partial CO 2 content will be considered. The outcome of the simulation will be in particular the dependency of the blood pressure on the partial CO 2 pressure in every vessel of the generated network. Figure 1 shows an example of such dependencies for three types of vessels of a deterministic blood vessel network described in [17] .
3) Analysis of the impact of pressure variations in the mechanical properties of different types of vessels like arterioles, veins, venules with accounting for peculiarities of germinal matrix (vessels with no muscle and collagen layers, with relatively large diameters and thin walls). The vessels will be modeled as tubes made of materials with complex elasto-plastic properties using finite element techniques. For different types of vessels, dependency of basic mechanical characteristics like stress, strain and deformation on the pressure will be studied, and damaging pressure values will be detected. Figure 2 shows an example of a finite element computation for a blood vessel model. 
CONCLUSION
With this 3-stage model, the role of different factorsautoregulation mechanisms, CO 2 reactivity, and ICP in the occurrence of germinal matrix hemorrhages will be quantitatively estimated. This will create a basis for practical recommendations on the prevention of intraventricular hemorrhages in premature infants.
